Oilseed flax (Linum usitatssimum L.) has been recognized as a functional food in recent times. Functional foods deliver a health boost beyond what is expected from their traditional nutrient content. Flax fits this description perfectly because it is rich in omega-3 fatty acid and phytochemicals. Flax also provides dietary fiber and protein. We conducted an experiment in which ground wholeseed flax was consumed by 26 volunteers during 2009. A blood sample before start of consumption and one after completion of the experiment was collected and analyzed for various blood traits. Results indicated that consumption of wholeseed flax significantly increased carbon dioxide (24.23 vs. 23.03 mmol/L), lowered total serum protein (7.17 vs. 7.02 d/dl) and total Globulin (2.99 vs. 2.78g/dl) in the blood. Flax consumption did not affect overall cholesterol and triglyceride concentrations in human blood. However, comparisons of groups of study volunteers based on three categories: those whose blood traits remained unchanged, those whose blood profile values increased upon wholeseed flax consumption, and those whose blood profile values decreased upon wholeseed flax consumption revealed that consumption of 45g of wholeseed flax daily for twelve weeks decreased the concentration of total cholesterol in 9 females and 5 males, increased the concentration 5 females and 1 male, and did not affect the concentration in 2 females and 4 males. Flax consumption decreased the concentration of triglycerides in 9 females and 4 males, increased the concentration in 6 females and 4 male, and did not affect the concentration in 1 female and 2 males. These results point to the possibility that consumption of wholeseed ground flax may be helpful in reducing total cholesterol and triglycerides in females as compared to males. It was also observed that changes in concentrations of total cholesterol and triglycerides were influenced by each other -in 9 subjects concentrations of both traits were reduced, increased in 4 subjects, and remained the same in 2 subjects. We speculated that consumption of wholeseed flax for reduction of cholesterol and triglycerides in human blood may be considerably influenced by heredity.
Introduction
Anecdotal information and empirical data suggest that consumption of wholeseed flax as a food supplement could be beneficial for human health and reduce the risk of cardiovascular disease by reducing low density lipoprotein (Bloedon et al., 2008) . Flax seeds are very rich in Omega-3 fatty acids. Flaxseed has been used for centuries, in many countries, as a source of food for humans and animals, and its oil has been used for nutraceutical purposes due to its high content of health beneficial components (Morris, 2007) .
Flaxseed contains about 42 % oil, and more than 70 % is polyunsaturated fat which is considered healthy for human nutrition. Flaxseed oil contains about 53 % 18:3 (n-3 fatty acid) and 13 % 18:2 (n-6 fatty acid) fatty acids (USDA, 2004) . The α-linolenic acid (also known as Alpha Linolenic Acid; 18:3n-3; Omega-3 fatty acid) which is an essential fatty acid that must be obtained from dietary sources, and foods with high levels of 18:3-n3 content are desirable for human nutrition. Oilseed flax has been recognized as a functional food in recent times. Functional foods deliver a health boost beyond what is expected from their traditional nutrient content. Flax fits this description perfectly because it is rich in omega-3 fatty acids and phytochemicals. Flax also provides dietary fiber and protein in addition to 18:3n-3 (Flax Council of Canada, 2007) .
As intake of n-6 fatty acids has increased in developed countries, consumption of foods rich in n-3 fatty acids has steadily declined. Omega-3 fatty acids constitute a minuscule portion (<1%) of the total fatty acids in U.S. food supply whereas the omega-6 fatty acids (Linoleic acid, 18:2) constitute a significant majority (Raper, 1992; Shukla & Bhattacharya, 2004; Watkins, 2004) . The ratio of n-6 and n-3 fatty acids is important for human health and should be 1:1 to 4:1 whereas in the Western diet it is now estimated to be 10:1 to 30:1 (Schmidt, 2001; Watkins, 2004) . The amount of omega-3 fatty acid eaten in North America no longer is sufficient to meet the needs of a healthy human body. Flaxseed oil has a very desirable omega-6: omega-3 ratio of 0.3:1. Simopoulos (2002) addressed the issue of balancing n-6 and n-3 fatty acids in the human diet and concluded that a balance between these fatty acids may be helpful in management of inflammatory and auto-immune diseases, coronary heart disease, depression, arthritis, aging, and cancer. Shukla and Bhattacharya (2004) indicated that addition of omega-3 oils (fish oils) into human diet by way of encapsulated products may be undesirable due to peroxyl radicals and anisidine which are byproducts of unsaturated oil oxidation. These authors suggested that omega-3 fatty acids must be incorporated into food rather than be used as dietary supplements. Watkins (2004) summarized the information relative to n-3 and n-6 fatty acids and concluded that insufficient consumption of n-3 fatty acids in the diet may be the main cause of increased incidences of many human health disorders and that insufficiency n-3 fatty acids in western diets may be at the root of many behavioral, learning, memory, and neurological afflictions.
Research has shown that dietary consumption of flax seed lowers the risk of heart disease, prevents some forms of cancer, boosts immune system, lowers blood sugar, and provides relief from constipation (Morris, 2007) . Flax seed is one of the richest plant sources of lignans which are phytoestrogens -compounds that have been shown in laboratory to help protect against certain kinds of cancer, particularly cancers of the breast and colon, by blocking tumor formation (Flax Council of Canada, 2007) . The key constituents of flaxseed -the lignin secoisolariciresnol diglycoside, dietary fiber, and alpha-linolenic acid (The essential omega-3 fatty acid) are expected to be beneficial in human nutrition to reduce the risk of coronary heart disease, stroke, and cancers. On the other hand, there is a lack of precise data regarding effects of wholeseed flax consumption on human blood traits.
Our objectives were to determine effects of whole flaxseed, consumed as a food supplement, on human health. The human health, in this study, refers to traits of blood i.e. lipid profile, comprehensive metabolic profile, and complete blood count profile. It was hoped that consumption of flax will exhibit changes in blood traits relative to human health.
Materials and Methods

Human Volunteers
Human volunteers were recruited from Virginia State University's faculty and staff by sending a campus-wide e-mail requesting participation in this study. Faculty and staff responding to this e-mail were requested to provide information about their age and sex. Each participant was provided a code number which was used for keeping of all subsequent records. The study was initiated with 32 human volunteers, however, final results were available only from 26 subjects. This group included 10 males and 16 females with age varying from 36 to 74 years. The study was conducted from February to April in 2009. A physician was made available to the investigators by the Student Health Center of Virginia State University for technical advice and support.
Procedures
Effects of consuming ground wholeseed flax, as a food supplement, were determined after consumption for 12 weeks, 45 grams per day. Each participant was provided seven sealed vials on Fridays for consumption of one vial each day for the following seven days. A new set of seven vials was distributed on each Friday and the old vials were collected and discarded. Each volunteer was provided instructions (ground flaxseed was to be consumed approximately at the same time each day, ground flaxseed could be mixed with any food that is at room temperature, the vials were kept at approximately at 4C in the subjects possession, and subjects were not to change their dietary pattern). Each participant provided a blood sample before start and after 12 weeks of ground wholeseed flax consumption. The blood collection and analyses were done by LabCorp (LabCorp, 1447 York Court, Burlington, NC 27215), a medical support company that provides analytical services to many physicians in the Central Virginia Area. All activities were conducted after the approval of Institutional Review Board of VSU and the Biosafety Committee of VSU. All individual results were kept confidential.
Data Analysis
The coded data on blood traits, from pre-and post-consumption of wholeseed ground flax seed, were compared using paired t-test at 5% level of significance using SAS software (SAS, 1996) .
Results and Discussion
The results indicated that consumption of ground wholeseed flax caused significant changes in the concentrations of BASO (white blood cells and the count may be high in allergic conditions such as asthma, hay fever, after a bee sting or as a response to infection), total carbon dioxide, total serum protein, total globulin, and albumin: globulin ratio in human blood. Increased concentrations of BASO (white blood cells involved in immune reaction to infections) from 0.42 vs. 0.62 (with a reference interval of 0 to 3) indicates some minor stress on human subjects. Increased concentration of carbon dioxide from 23.0 to 24.2, even though minor, indicates effects of flaxseed's potential as a laxative. The albumin: globulin ratio (1:138 to 1: 54) were increased by flax consumption whereas the concentrations of total serum protein (7.18 vs. 7.01) and total globulin (2.99 vs. 2.78) were decreased by flax consumption (Table 1 ). The pre-consumption and post-consumption concentrations of other traits of human blood were not statistically significant (Table 1) . However, the pre-consumption and post-consumption concentrations varied numerically. Given the lack of statistical significance, we did not focus on all individual blood traits. However, we studied the concentrations of total cholesterol and triglycerides in more detail (Table 2) . Among the 26 human volunteers, consumption of 45 g of wholeseed flax daily for twelve weeks decreased the concentration of total cholesterol in 14 subjects (9 females equaling 64 percent and 5 males equaling 36 percent). Overall, cholesterol concentration was reduced in more females than males. In order to further characterize 26 subjects, the subjects were classified as those with reduced or increased cholesterol if the difference in pre and post value was greater than 5. If the difference between pre and post value was 5 or less than the subjects were classified as those with unchanged cholesterol. In the category of subjects where cholesterol concentration was reduced (14 subjects), reduction in cholesterol concentration for females was 10 percent (224 to 201) whereas that for males was 13 percent (220 to 191). These results point to the possibility that consumption of wholeseed ground flax may be helpful in reducing total cholesterol in more females as compared to males whereas reduction in cholesterol was numerically superior for males.
The results with regard to triglycerides were also interesting. Consumption of 45 g of wholeseed flax daily for twelve weeks decreased the concentration of triglycerides in 13 subjects (9 females equaling 69 percent and 4 males equaling 31 percent), increased the concentration of triglycerides in 10 subjects (6 females and 4 male), and did not affect the concentration of triglycerides in 3 subjects (1 female and 2 males). In order to divide 26 subjects into three categories for triglyceride content, we again used 5 point difference similar to that for cholesterol content. In the category of subjects where triglyceride concentration was reduced (13 subjects), reduction in triglyceride concentration for females was 24 percent (143 to 108) whereas that for males was 26 percent (148 to 104). These results point to the possibility that consumption of wholeseed ground flax may be helpful in reducing triglyceride in more females as compared to males whereas reduction in triglyceride concentration was numerically superior for males. Additionally, we observed that changes in concentrations of total cholesterol and triglycerides were influenced by each other -in 9 subjects concentrations of both were reduced, these concentrations were increased in 4 subjects, and these concentrations remained the same in 2 subjects.
Results with flax consumption for improving health have been inconclusive similar to our results. Ground flaxseed has been shown to reduce cholesterol levels (Bloedon et al., 2008) whereas feeding of ALA (Alpha linolenic acid) in the form of flaxseed oil fed to human beings (Kaul et al., 2008) didn't alter lipid levels. Flaxseed contains at least three components that are of health interest: soluble fibers or mucilage (Diederichsen, 2006) ; high amounts of ALA (Choo, 2007) ; and the plant lignin secoisolariciresinol diglucoside (Johnsson et al., 2000) . In addition, flaxseed also contains small amounts of other lignans, namely pinoresinol, lariciresinol, and matairesinol (Zhang et al., 2008) . Even though secoisolariciresinol diglucoside is the predominant lignin in flaxseed, other minor lignans may also contribute to improved health benefits (Adolphe et al., 2010) . These observations lead us to suggest that research to characterize positive health effects of flaxseed ingestion would need to consider seed components and gender of human subjects.
Conclusion
Results of this preliminary study lead us to conclude that consumption of wholeseed flax may be helpful in reducing cholesterol and triglyceride concentration in human beings. However, such results may be influenced by gender of human subjects. This study was constrained by limited resources and it was not possible to follow human subjects after the study. We suggest that results of this preliminary study may not be used to suggest that increase or decrease in blood concentration of any component is healthful. Even though we recognize that over general health including liver function of volunteers would impact such studies, we were unable to determine the general health status of volunteers.
